Staphylococcus aureus strains were separated from mastitis milk samples without cultivation by using monodisperse magnetic polymer particles coated with polyclonal antiserum against an encapsulated S. aureus strain. Exopolysaccharide was verified by transmission electron microscopy and the serum soft-agar culture technique. Capsular polysaccharide was found on virtually all clinical isolates. Surface protein A and S. aureus-specific cell wall components were masked when the strains were cultured on an exopolysaccharidepromoting medium. Masking of surface determinants was dependent on their concentration on the bacterial surface as well as on exopolysaccharide abundance. The polysaccharide layer on in vivo bacteria was reduced markedly after just one transfer from milk to blood agar plates but was reexpressed after culturing was done on a capsule-generating medium.
Staphylococcus aureus strains were separated from mastitis milk samples without cultivation by using monodisperse magnetic polymer particles coated with polyclonal antiserum against an encapsulated S. aureus strain. Exopolysaccharide was verified by transmission electron microscopy and the serum soft-agar culture technique. Capsular polysaccharide was found on virtually all clinical isolates. Surface protein A and S. aureus-specific cell wall components were masked when the strains were cultured on an exopolysaccharidepromoting medium. Masking of surface determinants was dependent on their concentration on the bacterial surface as well as on exopolysaccharide abundance. The polysaccharide layer on in vivo bacteria was reduced markedly after just one transfer from milk to blood agar plates but was reexpressed after culturing was done on a capsule-generating medium.
Staphylococcus aureus is a major pathogen in bovine mastitis, and the importance of bacterial cell surface properties as virulence factors has gained considerable attention (9, 18, 19) . The involvement of capsular material in the invasiveness of bacteria is well established (7, 16, 20, 27) . The findings of different in vitro studies differ as to the nature, occurrence, and pathogenic importance of capsular structures in S. aureus from bovine mastitis (19, 22, 23. 25) . However, exopolysaccharides in themselves may mask important structures on the bacterial surface and thus influence pathogenicity. Furthermore, capsular polysaccharides are important immunogenic structures (15) and mediators of bacterial adherence (21, 24) .
The present study was conducted to investigate the occurrence of exopolysaccharide in vivo on S. aureus isolated from bovine mastitis milk by immunomagnetic separation without cultivation. Masking of bacterial cell wall determinants was studied under different culture conditions.
(Preliminary data from this study were presented orally at the Annual Meeting of the American Society for Microbiology, Miami Beach, Fla.. 8 to Immunomagnetic separation. Magnetic monodisperse polymer particles (Dynabeads M-450; Dynal A. S., Oslo, Norway) (8, 28 ) precoated with sheep anti-rabbit immunoglobulin were further coated with the polyclonal rabbit antiserum against strain K-12 by incubating 0.5 ml of the bead suspension (3.8 x 108 Dynabeads per ml) in 3 ml of antiserum at 4°C with slow tilting and rotation for 2.5 h. The beads were separated from the serum by a magnetic separator (Dynal A.S.), washed twice with 0.02 M PBS containing 0.1%,r bovine serum albumin (Sigma Chemical Co., St. Louis, Mo.), and suspended in the same buffer at a concentration of 0.6 x 108 Dynabeads per mi.
A 0.25-ml sample was taken from each mastitis milk sample, and 300 ,ul of PBS and 8 pu of bead suspension (0.6 x 108 Dynabeads per ml) were added. The samples were incubated in a Heidolph "end-over-end" mixer at slow speed overnight at 4°C. The samples were transferred to test tubes, and 3 ml of PBS was added; the Dynabeads with bacteria were separated after 20 s with the magnetic separator, washed once carefully, and suspended in 100 of PBS with 0.1% bovine serum albumin. The purity of the isolated (8) .
Sait aggregation test. The salt aggregation test was performed as described by Jonsson and Wadstrom (10) and modified by Rozgonyi et al. (26) .
Monoclonal antibodies. S. aureus-specific mouse monoclonal antibodies against cell wall determinants were produced by immunization with purified protein antigen for the hlagglutinogen (4) and with a synthetic (gly)5 peptide for the peptidoglycan determinant (29) .
Immunofluorescence. Expression on the bacterial surface of the cell wall determinants hl-agglutinogen and (gly)5 was determined by indirect immunofluorescence. Bacteria were grown on agar plates (blood agar or S-110 agar) for Electron microscopy. Reference strains were grown on blood agar or S-110 agar, and S. aureus strains were isolated from mastitis milk samples by immunomagnetic separation as described above. Bacteria were prepared essentially as described by Costerton et al. (2) . The preparations were subjected to ultrathin sectioning and electron microscopic examination. (Fig. 1) .
Production of exopolysaccharide, demonstrated in the serum soft-agar test, was confirmed by masking of the cell wall determinants [i.e., protein A, hl-agglutinogen, and (gly)5] in bacteria grown on S-110 agar but not on blood agar (Table 1 could not be demonstrated after culturing on S-110 agar, whereas the other two cell wall components could be shown after both culturing methods. In the case of strain Wood 46, neither protein A nor hl-agglutinogen could be demonstrated. Protein A masked by exopolysaccharide was partially expressed after one transfer of bacteria from milk to blood agar and was wholly expressed after two transfers in vitro, as was also seen with the other investigated cell wall determinants. Extracellular bacterium-specific sugars were demonstrated by gas chromatography (1) in S. aureus obtained from clinical mastitis and grown on S-110 agar. Altogether, 88% of the investigated strains produced exopolysaccharide, as evaluated by one or more of the above methods.
Of the 36 investigated strains, 32 gave a positive serum soft-agar test which could be inhibited with the K-12 antiserum. In the salt aggregation test, 9 of 13 investigated strains showed higher hydrophobicity on blood agar than on S-110 agar. After five transfers on blood agar, exopolysaccharide was reexpressed on S-110 agar, as evaluated by surface expression of cell wall determinants. Figure 2 shows indirect immunofluorescence of hl-agglutinogen expression on S. aureus Cowan 1 and S. aureus obtained from acute mastitis milk and subcultured twice on blood agar.
Transmission electron microscopy of ruthenium redstained preparations verified the presence of extracellular polysaccharide in S. aureus separated directly from mastitis milk samples with immunomagnetic particles (Fig. 3) .
DISCUSSION
Although encapsulation in S. aureus from bovine mastitis is controversial (25) , recent evidence indicates that capsular polysaccharide production is a predominant feature of mastitis pathogenic S. aureus (19) . The present study provides a direct demonstration of abundant capsular polysaccharide of S. aureus in situ in bovine mastitis milk.
Immunomagnetic separation demonstrated that capsular antibodies were useful for the separation of bacteria from milk. Electron microscopy of Dynabeads and bacteria stained for polysaccharide indicated that extracellular polysaccharide material was the binding factor between the magnetic particle and the in vivo bacteria. Further investigations are necessary to determine whether specific antigenantibody binding or nonspecific adherence principles are dominant in this reaction. Work on the chemical characterization of this exopolysaccharide is presently in progress at our laboratory.
The higher hydrophobicity of mastitis strains grown on blood agar compared with those grown on S-110 agar indicates loss of exopolysaccharide and expression of cell wall proteins. The serum soft-agar assay demonstrated production of extracellular polysaccharide in the mastitis strains. Furthermore, the quantitative variation in binding of different S. aureus strains to the K-12-coated Dynabeads in vivo may represent different serological types (5, 23), as was also described for human clinical isolates of S. aureus (6, 11, 13) .
The methods used in this study to demonstrate masking of the cell wall components involve quite different techniques. Protein A could not be demonstrated in Cowan 1 after culturing on S-110 agar, although the other two cell wall determinants were shown. This might be due to the ability of the two monoclonal antibodies to penetrate the rest of the covering layer, while the beads may have been too large to react with the partly protected protein A. This suggestion also agrees with the results previously presented by Johne and Jarp (8) . In the protein A-negative strain Wood 46 no hl-agglutinogen could be demonstrated, possibly because this structure might be a protein antigen closely related to protein A and thus absent in this strain. The reference strains cultured on S-110 agar represent a strong capsule producer, Smith, and the two weaker capsule producers, Cowan 1 and Wood 46. This supports the variation in masking of ce!l wall structures seen in the mastitis strains, with the majority being exopolysaccharide producers.
The abundance of bacterial capsular material in the S. aiureuis-containing milk demonstrated by the present study may suggest biological significance regarding pathogenic mechanisms (3, 17, 30, 31) and may be of importance in S.
auireuis immunoprophylaxis and diagnosis (12, 23) .
